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A  Physico-Chemical  Method 
for  the  Estimation  of  Water  in  Certain  Organic  Substances. 

It  was  observed  by  Prof.  S.  W.  Parr  while  engaged  in  work 
which  occasioned  the  use  of  mixtures  of  acetone,  turpentine  and 
water  that  certain  combinations  of  these  substances  possessed  very 
turbid  appearences  and  that  others  were  perfectly  clear.  It  was  sur- 
mised from  these  observations  that  this  behavior  might  be  utilized 
in  the  determination  of  the  water  content  of  such  substances  as  al- 
cohol, acetone  etc.  To  this  end  the  following  work  has  been  done. 

While  reviewing  the  literature  in  this  connection  it  was 

1. 

found  that  Bancroft  had  advanced  the  idea  that  such  a  method  might 
be  used  for  the  estimation  of  v/ater  in  alcohol ,  using  chloroform 

where  we  have  used  turpentine.  The  idea  for  this  procedure  is  accred- 

2. 

ited  by  Bancroft  to  Tuchschmidt  and  Pollenius  ,  who  used  carbon  disui- 
phide  for  the  non-consolute  liquid.  If  for  no  other  reason  the  cost 
of  chloroform  of  an  ordinary  grade  would  have  seriously  interfered 
with  a  general  adoption  of  the  method.   In  addition  the  fact  that 

water  is  soluble  in  chloroform  to  a  considerable  extent  would  have 

bel  ow 

made  the  estimation  of  amounts  of  water,  ten  per  cent  impossible  at 
temperatures  very  much  above  0°c,  which  would  at  least  be  inconven- 
ient. It  could  hardly  be  said  that  carbon  disulphide  would  be  a  suit- 
able liquid  for  these  purposes  since  it  has  such  a  disagreeable  oder 
and  is  so  volatile  at  ordinary  temperatures,  in  this  latter  respect 
even  worse  than  chloroform.  Also  its  cost  would  have  been  too  great. 
It  was  also  found  that  M.  Le'on  Crismer  had  worked  out  a  method 
using  ordinary  kerosene.  His  manipulation  consisted  in  cooling  equal 


volumns  of  aqueous  alcohol  and  kerosene  until  the  mixture  became 
slightly  turbid.  The  temperature  was  noted  at  this  point  and  with 
this  information  the  amount  of  water  could  be  told  by  reference  to 
previously  prepared  tables.  Andrews  cites  this  as  a  very  commendable 
method.  This  method  embodies  one  or  two  objectional  features  which 
it  is  hoped  the  use  of  turpentine  may  overcome  in  a  degree.  In  the 
first  place  if  one  is  compelled  to  cool  a  mixture  of  alcohol  and 
kerosene  until  dissolution  occurs,  to  obtain,  even  approximately , the 
correct  critical  temperature  the  cooling  must  be  very  slow.  On  the 
other  hand  if  one  must  heat  the  mixture  in  order  to  reach  the  crit- 
ical temperature  (i.e.  starting  with  a  heterogeneous  mixture)  it 
must  be  done  even  more  slowly,  in  as  much  as  the  solution  of  the 
two  phases  does  not  take  place  instantly  on  reaching  the  proper 
temperature,  being  dependent  on  the  amount  of  shaking.   It  is  not 
with  the  idea  of  suggesting  a  better  theoretical  method  that  we  have 
made  the  following  experiments  with  turpentine,  but  that  we  might 
conceive  a  method  which  could  be  carried  out  with  more  dispatch. 

As  first  conceived,  it  was  thought  that  our  method  might 
be  carried  out  in  about  the  following  manner:  We  would  use  a  constant 
amount  of  turpentine,  choosing  as  the  quantity  thirty  cc  or  approx- 
imately twenty-five  and  eight  tenths  grams.  This  quantity  of  turpen- 
tine would  be  weighed  or  could  be  measured  out  from  a  burette  into 
a  flask  of  about  one  hundred  cc  capacity,  the  flask  being  fitted 
with  a  tightly  fitting  ground  glass  stopper.  One  would  then  add  a 
a  sufficient  quantity  of  the  aqueous  organic  substance  in  question 
to  cause  a  slight  turbidity.  By  noting  the  amount  of  the  aqueous 
organic  substance  used  and  the  temperature  of  the  turbid  mixture  we 
would  then  h^ve  sufficient  data  to  ascertain  the  amount  of  water 

present,  providing    we  have  a  curve  constructed  from  the  data  of 


known  solutions  obtained  at  some  constant  temperature,  and  also  that, 
we  know  the  temperature  coefficient  for    the  system  in  question.  This 
method  of  manipulation  has  as  its  chief  drawback  a  negative  end 
point.  In  adding  the  aqueous  organic  substance  to  the  turpentine  one 
works  from  the  heterogeneous  towards  the  homogeneous  system  and  it 
is  a  matter  of  some  difficulty  to  correctly  judge  the  amount  of  tur- 
bidity present.   It  was  therefore  attempted  to  add  the  turpentine  to 
the  aqueous  organic  substance,  thereby  arriving  at  a  positive  end 
point.  A  more  complete  discussion  of  this  aspect  of  the  matter  will 
be  taken  up  later. 

1.  Turpentine  as  a  Non-consolute  liquid. 

To  obtain  a  liquid  suitable  for  such  purposes  it  is  necess 
ary  that  it  should  have  the  following  properties:   (a)  water  must  be 
insoluble  in  it,  or  practically  so;   (b)  it  must  be  a  stable  substance 
with  a  high  boiling  point;  (c)  the  substance  must  form  a  very  marked 
emulsion  with  water,  not  settling  readily;  (d)  it  must  form  no  com- 
plexes with  the  other  substances  in  the  system;   (e)  it  must,  of 
course,  be  miscible  with  the  organic  liquids  in  question,   (f)  it 
aust  be  a  substance  easy  to  handle  and  agreeable;   (g)  It  must  be  a 
comparatively  cheap  article  so  that  the  method  shall  be  of  value  in 
the  most  cases. 

Turpentine  seems  to  fulfill   these  demands  very  well,  as 
well,  indeed,  as  any  which  we  have  been  able  to  find.  Chloroform,  as 

suggested  by  Bancroft^ would  not  fulfill  these  specifications;  neither 

2 

would  carbon  disulphide  as  suggested  by  Tuchschmidt  and  Pollenius 

3 

Kerosene,  as  suggested  by  Crismer,  would  come  the  nearest  to  fullfill 
ing  the  demands,  except  that  it  is  not  as  easy  to  handle  as  one  would 
wish. 

One  of  the  necessary  qualifications  which  such  a  substance 
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must  possess,  although  too  obvious  to  mention  in  any  other  connectioi 
but  this,  is  that  it  must  have  a  constant  composition.  Unfortunately 
turpentine  does  not  fulfill  *his  demand.  However,  several  different 
lots  have  been  tested  out  in  the  coarse  of  our  work  and  the  agree- 
ment which  they  have  exhibited  has  resulted  in  partially  overcoming 
this  objection.  ThisAprobably  due  to  the  fact  that  all  turpentines 
are  composed,  in  the  main,  of  the  same  kinds  of  substances,  though 
not  in  the  same  proportions.   It  is  not  claimed,  however,  that  all 
turpentines  will  show  this  much  desired  property,  but  the  best 

brands  will  approach  it  closely.   It  is  thought  reasonable,  therefore, 

feature 

to  offer  a  means  of  eliminating  this  ob jectional ^rather  than  to  dis- 
card the  substance  which  is  so  very  satisfactory  In  other  ways. 
2.  The  kinds  of  turpentine  tested. 

Without  a  doubt,  in  making  purchases  of  turpentine  on  the 
open  market  one  will  obtain  a  different  brand  with  each  purchase, 
both  from  a  chemical  and  physical  basis.  There  are  two  principal 
brands  sold,  the  one  called  "  pure  gum  spirit  "  and  the  other  "  wood 
distilled."  These  brands  differ  greatly  from  each  other,  especially 
in  the  methods  of  their  preparation.  The  "  pure  gum  spirit  H  is  ob- 
tained by  tapping  the  long  leaved  pine  and  then  distilling  the  sap, 
the  turpentine  distilling  over  in  the  neighborhood  of  IBB00,  ^e 
*  wood  distilled  "  is  prepared  by  distillation  of  the  wood  itself. 
This  latter  variety  is  considered  commercially  inferior  to  the  former 

In  table  1,  page  5  is  found  a  list  of  the  turpentines 
which  we  have  used  in  our  experiments.   It  will  be  noticed  there  that 
we  have  used  both  the  M  pure  gum  spirit  "  and  the  "  wood  distilled  " 
brands.  In  no  instance  was  it  found  possible  to  substitute  one  for 
the  other  and  obtain  concordant  results.  Sample  D  appeared  to  act 
more  closely  like  a  "  pure  gum  spirit  M  than  sample  H,  perhaps  for 
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Table  1. 
Turpentines  used. 

22°. 


mple. 

Color. 

Fluidity. 

Source. 

Brand. 

Sp.  Gravity 

A 

yellowish 

gummy 

Lab.  supply 

? 

• 

0.86074 

B 

colorless 

very  mob. 

S  &  S. 

PGS. 

• 

C 

it 

tt 

S-W  P.  Co. 

PGS. 

0.86344 

D 

tt 

H 

S-W  P.  Co. 

WD. 

0.85940 

E 

yellowish 

gummy 

G.  L.Co. 

PGS. 

0.86105 

P 

colorless 

very  mob. 

P.  Es. 

PGS. 

0.86419 

G 

tt 

n 

K  &  B. 

PGS. 

0.86459 

H 

fi 

tt 

Elec.  T,Co. 

WD. 

0.86000 

I 

tt 

tt 

S-W  P.  Co. 

PGS. 

0.86303 

J 

tt 

t» 

Samp.  P. 

PGS. 

0.86279 

K 

ft 

tt 

Samp.  E 

PGS. 

0.86060 

L 

yellowish 

tt 

Samp.  H 

WD. 

0.85641 

In  the  table  mobile  is  abbreviated  mob.     tt  Pure  gum  spirit' 
is  abbreviated  to  PGS;  M  wood  distilled  "  to  WD. 

S-W  P.  Co.  stands  for  the  Sherwin-Williams  Paint  Co.  of 

Chicago. 

G.  L.  Co.  stands  for  the  Gulf  Lumber  Co.  of  Stablesville , 

Louisana. 

S  &  S  str.nds  for  Swanell  and  Son,  Druggists,  Champaign. 
P.  Es.  stands  for  Price  Estate,  Druggists,  Champaign. 
K.  &  B.  stands  for  Knowlten  and  Bennett,  Druggists,  Urbana, 
Elec.  T.  Co.  stands  for  Electric  Turpentine  Co. ,  Vancouver  , 
B .  C ,  Canada. 


the  reason  that  it  was  the  product  from  that  particular  species  or 
Pine  which  by  the  other  method  would  have  yielded  a  »  pure  gum  spirit 
Sample  H  was  from  the  Electric  Turpentine  Co.   of  Vancouver,  B.  C. , 
Canada,  and  was  the  product  of  the  Douglas  Pir.  Prom  this  consider- 
ation alone  one  might  exclude  it  from  the  lists  of  real  turpentines. 
It  certainly  did  not  appear  to  be  at  all  similar  to  the  other  turp- 
entines tested. 

In  the  last  column  of  the  table  is  given  the  specific  grav- 
ity of  the  turpentines  at  22°C  refered  to  water  at  4°.   It  is  inter- 
esting to  note  the  difference  between  the  specific  gravity  of  the 
"  Pure  gum  spirits  »  and  the  »  wood  distilled,"  the  latter  being 
much  lower,  although  they  have  approximately  the  same  average  boiling 


points. 


Another  important  difference  between  these  samples  was 
their  Oder.  The  ordinary  »  pure  gum  spirit  »  turpentine  has  a  rather 
agreeable  oder,  familiar  to  all.  But  the  "  wood  distilled  "  products 
have  very  different  oders ,  being,  in  most  cases,  musty  and  pungent. 
Sample  D  was  an  exception  to  this  as  its  oder  was  very  much  like 
the  better  grades,  although  still  not  typical.  Much  may  be  foretold 
from  the  oder  of  the  turpentine  as  to  how  it  will  act  in  our  work.  In 
general  those  turpentines  which  have  other  than  the  fresh  aromatic 
oders  are  to  be  held  as  unfit  for  the  purposes  for  which  we  are  using 
turpentine.  Sample  H  had  a  very  strong  acid  oder  which  did  not  dis- 
appear- even  on  distilling. 

Preliminary  experiments  and  the  theory  of  the  Phase  Rule. 

Preliminary  experiments  on  the  miscibility  of  some  of  the 
aqueous  organic  substances  in  turpentine  at  least  confirmed  several 
pertinent  facts.  The  procedure  in  this  case  was  somewhat  different 

rom  that  outlined  in  the  beginning.  Thirty  cc  of  turpentine  was 
measured  from  a  burette    into  the  dry  flasks,  as  previously  stated, 


7 


and  to  this  in  each  case  was  added  a  certain  amount  of  the  dry  or- 
ganic   liquid.  Enough  water  was  then  added  to  cause  a  slight  turbidity. 
In  tables  2  and  3  we  have  the  data  thus  obtained  for  acetone  and 
alcohol.   In  table  4  we  have  like  data  for  phenol,  with  the  exception 
that  the  rpocedure  was  by  weight  rather  than  by  volumn,  and  in  table 
5  we  have  the  data  for  a  few  alcohol-ether-water  systems. 

Table  2,  containing  the  data  for  acetone-turpentine-water 
systems,  was  carried  with  two  different  lots  of  turpentine,  samples 
A  and  B.   (cf  Table  l)  One  of  the  most  striking  features  in  this  con- 
nection is  the  agreement  of  the  amounts  of  water  taken  up  by  the 
mixtures  of  acetone  and  turpentine,  using  the  different  turpentines. 
In  the  third  column,  under  the  heading  Diff.  is  the  increase  in 
amount  of  water  taken  up  for  each  successive  addition  of  acetone.  'lhe 
differences  seem  to  be  roughly  proportional  to  the  numbers  2,  4  and 
6. 

ing 

Table  3,  containA  the  data  for  the  alcohol-turpentine-water 
systems,  shows  that  the  am  unts  of  water  required  to  produce  dissol- 
ution in  identical  mixtures  by  volumn  are  very  much  greater,  for 
5  cc  alcohol  being  nearly  three  times  that  for  5  cc  acetone.  But  as 
the  amount  of  alcohol  is  increased  this  difference  becomes  smaller 
until  for  45  cc  we  have  the  amount  of  water  taken  up  by  the  alcohol 
falling  below  that  for  45  cc  of  acetone.  The  increase  of  water  per 
5  cc  increase  in  alcohol  seem  to  be  fairly  constant,  thereby  differ- 
ing from  acetone.  Prom  these  observations  it  was  surmised  that  the 
determination  of  small  amounts  of  water  in  alcohol  would  be  much 
more  difficult  than  in  acetone,  and  later  when  this  was  attempted 
this  conclusion  was  verified. 

Table  4  contains  the  data  for  phenol-turpentine-water  sys- 
tems. Phenol  seems  to  behave  like  alcohol  in  that  the  difference  in 


Table  2. 

Ace tone- turpentine-water  systems. 
30  cc  Turpentine. 
Temp.  23°C. 

Sample  A,  Sample  B. 

cc  Acetone,   cc  HoO.  Diff.  cc  Acetone,  cc  Ho0.  Diff. 


5 

0.05 

0.1S 

5 

0.05 

0.16 

15 

0.21 

0.46 

15 

0.21 

0.49 

25 

0.67 

0.66 

25 

0.70 

0.68 

35 

1.33 

0.97 

35 

1.38 

0.92 

45 

2.30 

45 

2.30 

Table  3. 

Alcohol- turpentine-water  systems, 
30  cc  Turpentine. 
Temp.  23°C. 
cc  Acetone    cc  Ho0  Diff. 


5 

0.14 

0.26 

10 

0.40 

0.30 

15 

0.70 

0.30 

20 

1.00 

0.26 

25 

1.26 

0.30 

32 

1.56 

0.12 

35 

1.68 

0.22 

40 

1.90 

0.24 

45 

2.14 

Table  4. 

Phenol-turpentine-water  systems. 
30  cc  Turpentine. 
Temp.  24°C. 
gr. Phenol.     gr.HoO  Diff. 
2.4730  0.1004 

0.1005 

6.2370  0.4786 

0.1007 

9.7758  0.8576 

0.0915 

15.7608  1.3962 

Diff.  =  per  gr.  Phenol. 


Table  5. 
Alcohol-ether-  water  systems, 
30  cc  Ether  used. 
Temp.  21°C. 
cc  Alcohol.     cc  Ho0  Diff. 
5  1.80 
10  4.91 
15  10.35 
20  18 . 54 

25  28.90 
30  40.05 


3.11 
5.44 
8.19 
10.36 
11.15 
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the  amounts  of  water  taken  up  per  gram  phenol  are  constant,  although 
it  requires  more  water  to  produce  dissolution  in  the  ccse  of  phenol 
than  alcohol,  weight  for  weight. 

Table  5  contains  the  data  for  alcohol-ether-water  systems. 
These  experiments  were  made  primarily  to  observe  the  manner  in  which 
a  true  ternary  mixture  would  behave  and  thus  afford  a  means  of  com- 
parison for  the  systems  containing  turpentine.  The  amounts  of  we ter 
required  for  dissolution  are  manifold  greater  than  for  the  systems 
with  the  turpentine.  This  phenomenon  would,  in  a  measure,  explain 
the  reason  why  chloroform    as  suggested  by  Bancroft,  would  be  an  un- 
suitable liquid  for  such  .    eposes.  The  amounts  of  water  required  in 
the  case  of  the    ilcohol-ether-water  systems  increased  to  the  point 
where  the  volume  of  the  water  was  greater  than  that  of  the  alcohol , 
an  occurrence  w  :ch  would  have  been  impossible  if  we  had  used  tur- 
pentine in  place  of  the  ether.  Never- the-less ,  if  we  omit  consider- 
ation of  the  solubility  of  water  in  ether,  this  ternary  mixture  will 
be  fully  comparable  with  those  containing  turpentine. 

Another  object  in  makimg  these  experiments    was  for  the 
purpose  of  ascertaining  the  nature  of  the  systems  from  the  view- 
point of  the  Phase  Rule.  The  system  alcohol-ether-water  is  a  ternary 
mixture,  existing  at  its  critical  point  in  three  phases,  two  liquid 

and  one  gaseous.  The  system  methyl  alcohol-ether-water  has  been  stud- 
4-. 

ied  by  Bancroft  in  his  investigations  on  ternary  mixtures.  The  number 
of  components  in  the  system  in  this  case  is  identical  with  the  number 
of  constituents,  i.e.  three.  And  as  we  have  three  phases  the  number 
of  degrees  of  freedom  possessed  by  the  system  would  be  two  as  express 
ed  by  the  equation: 

P  =  C  -+-  2   -  P. 

We  wouidthus  have  the  state  of  our  system  depending  on  the  temperatur 
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and  the  composition,  always  assuming  the  presence  of  the  gaseous 
phase. 

V/e  have  found  the  systems  formed  with  turpentine  to  ful- 
fill the  condition  of  the  alcohol-ether-water  systems.  They  possess 
three  components  and  three  phases,  two  liquid  and  one  gaseous.  Al- 
though turpentine  is  far  from  being  a  simple  substance,  in  these 
instances  it  seems  to  act  like  one,  and  we  are  justified,  at  least 
for  practical  purposes,  from  these  and  other  observations  in  con- 
nection with  the  Mass  Law,  to  consider  it  as  one  substance.  The 
similarity  between  the  constituents  of  turpentine,  both  from  the 
chemical  and  the  physical  basis  tends  to    substantiate  this  con- 
clusion. 

We  have  not  been  able  to  examine  the  individual  phases  of 
these  systems  owing  to  the  difficulty  of  the  same  and  also  the  lack 
of  time.  Then  too,  it  is  doubtful  whether    such  investigations 
would  have  been  of  more  than  theoretical  value.  In  as  much  as  most 
of  the  work  which  has  been  done  in  this  direction    has  been  of  that 
nature  information  from  the  literature    has  been  considerably  re- 
stricted. 

4.  Methods  for  the  preparation  of  dry  reagents. 

The  best  reagents  which  we  were  able  to  obtain  were  used 
for  this  work.  The  acetone  was  "  Mercks  "  best  and  was  dried  over 
calcium  chloride  and  fractionated.   Its  specific  gravity  was  not  taker 
but  there  was  no  signs  of  moisture  when  a  portion  of  it  was  added  to 
turpentine  at  0°C.  Bancroft  converted  part  of  his  acetone     into  the 
bisulphite  compound  and  back  again,  then  dried  over  potassium  carbon- 
ate and  calcium  chloride  and  fractionated.  The  other  part  was  dried 
over  calcium  chloride  alone.  He  was  unable  to  make  any  distinction 
between  the  two  portions  thus  prepared. 
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Preparation  of  the  dry  anhydrous  alcohol  was  somewhat  more 
of  a  task.  That  used  in  the  first  part  of  our  experiments  was  made  by 
treating  ordinary  95$  alcohol  with  caustic  and  then  fractionating.  It 
was  next  dried  over  lime    or  about  ten  days  .and  distilled,  rejecting 
the  first  and  last  portions  coming  over.  The  remainder  was  then  treat 
ed  with  anhydrous  copper  sulphate,  allowed  to  stand  for  several  days 
and  distilled  as  before.  Tests  at  this  point  confirmed  the  presence 
of  moisture  still.  To  get  rid  of  the  last  traces  of  moisture  the  al- 
cohol was  boiled  with  metallic  calcium  using  a  reflux  condenser,  for 
two  or  three  hours.   It  was  then  fractionated  and  the  product  was 
tested  and  found  to  be  dry.  We  would  probably  have  obtained  a  better 
alcohol  had  we  treated  with  silver  nitrate  after  the  treatment  with 
copper  sulphate,  but  as  absolute  dryness  was  our  aim  and  not  absolute 
purity,  this  alcohol  was  as  suitable  as  any  for  the  purpose.  Later 
the  preparation  of  the  alcohol  was  somewhat  simplified  by  starting 
with  Kahlbaura's  socalled  99.8$  variety.  This  was  treated  directly 
with  metallic  calcium,  and  although  it  probably  contained  more  mois- 
ture than  indicated  on  the  label,  still  it  was  found  perfectly  dry 
after  the  treatment.  The  specific  gravity  of  this  lot  was  0.7R810  at 
22°C  refered  to  water  at  4°°. 

The  best  conductivity  water  was  used  in  forming  the  systems 
Several  attempts  were  made  to  dry  the  turpentines  with 
calcium  chloride,  but  as  this  procedure  did  not  seem  to  alter  their 
behavior  in  the  least  it  was  discarded  as  useless.  There  is  some 
danger,  too,  unless  the  turpentine  is  distilled  after  this  treatment 
of  its  carrying  some  of  the  calcium  chloride  in  suspension.  Simple 
distillation,  rejecting  the  first  portion  coming  over  would  obviate 
the  danger  of  the  turpentine  being  wet.  However,  this  has  not  been 
necessary  as  none  of  the  turpentines  examined  showed  any  indications 
of  moisture. 
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5.  Opalescence  and  foaming. 

One  of  the  curious  phenomena    which  we  have  noticed  v/hile 
working  with  these  mixtures  is  the  appearence  of  a  bluish  opales- 
cence in  the  vicinity  of  the  critical  point.  We  have  noticed  this 
most  often  in  the  alcohol-turpentine-water  systems,  although  in 
some  instances  it  was  noticed  when  acetone  was  used.  When  it  does 
appear  the  mixture  seems  to  take  on  this  bluish  haze  or  opalescence 
only  when  we  are  in  close  proximity  to  the  end  point,  and  it  per- 
sists without  becoming  much  more  dense  until  the  system  separates 
into  two  phases.  Owing  to  the  danger  of  mistaking  this  opalescence 
for  the  end  point  it  is  thought  best  to  make  special  not  of  it  at 
this  time. 

Rothmund  in  his  paper  on  Critical  Turbidity  has  sought 
an  explanation  for  such  opalescence,  but  whether  it  may  be  attribut- 
ed to  the  formation  of  a  colloidal  solution  or  otherwise  concerns 
us  but  little  in  our  work.   It  is  significant,  as  suggested  by 
Priedlander,  that  the  appearence  of  this  opalescence  has  not  been 
universally  noted  by  those  working  with  those  systems  in  which  it 
is  known  to  occur.  This  may  be  due  to  the  fact  that  opalescence 
does  not  always  occur,  a  fact  which  our  observations  in  the  systems 
containing  turpentine  would  substantiate.  We  have  carried  out  long 
series  of  experiments  with  the  alcohol-turpentine-water  system  and 
failed  to  notice  in  any  case  the  appearence  of  an  opalescence.  This 
may  be  due  to  two  conditions.  The  temperature  may  he.ve  been  too 
high  to  permit  of  the  appearence,  or  the  limits  of  concentration 
of  the  systems  may  have  been  such  as  to  render  this  phenomenon  un- 
noticeable.  We  have  noticed  that  it  does  occur  quite  regularly 
when  the  amount  of  water  is  comparatively  large,  i.e.  when  above 

ten  per  cent  in  the  alcohol.   One  other  thing  seems  to  exert  an  in- 
  fluence  a 
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on  the  opalescence  is  the  temperature.   It  has  been  observed  regular- 
ly that  the  appearence  of  this  phenomenon  is  more  constant  at  the 
temperatures  below  10°C.  Again  we  have  found  that  the  manner  in 
which  the  system  are  assembled  seems  to  influence  opalescence.  Working 
with  the  system  alcohol-turpentine-water  by  adding  water  to  definite 
mixtures  of  alcohol  and  turpentine  at  23CC  we  have  failed  to  notice 
it  at  all,  whereas  when  working  at  the  same  temperature  and  adding 
aqueous  alcohol  containing  a  large  percentage  of  water  it  has  been 
quite  regular  in  appearence.  In  general,  however,  opalescence  has 
appeared  when  the  temperature  has  been  low  and  the  water  content 
high,  although  not  invariably  so. 

That  with  which  we  are  most  concerned  is  how  to  avoid  this 
opalescence  or  hew  we  may  decide  on  the  end  point  in  its  presence. 

3  -3 

Andrews  cites  the  statement  of  Crismer  to  the  effect  that  the  bluish 
haze  which  appeared  near  the  critical  point  in  the  system  alcohol- 
kerosene-water  v/as  obviated  by  parsing  a  current  of  steam  through 
the  kerosene  for  a  sufficient  time  to  get  rid  of  -the  volatile  oils. 
It  seems  hardly  probable,  owing  to  the  nature  of  the  phenomenon,  that 
this  treatment  would  be  effective  in  our  case  or  in  any  case,  in-as- 
much  as  opalescence  is  no  more  a  function  of  the. volatile  than  the 
non-volatile  constituents. 

When  opalescence  does  occur  it  will  be  noticed  that  on 
shaking  the  mixture  it  will  foam  much  more  than  usual  and  that  the 
foam  seems  to  persist  after  one  stops  shaking.  But  when  the  end 
point  is  reached  this  foaming  ceases  instantly.  All  that  is  necessary 
then  is  to  continue  the  addition  of  the  substance  being  added,  notin 
the  while  that  the  mixture  still  possesses  a  bright  and  transparent 
appearence.  When  the  end  point  is  reached  the  foaming  caeses  and 
the  mixture  separates  into  two  phases  and  then  it  will  be  opaque 
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with  sort  of  A  silky  luster.   If  one  bears  these  few  facts  in  minrl 
opalescence  will  be  found  to  give  very  little  trouble  when  it  appear::. 
6.  Methods  of  manipulation. 

The  most  usual,  in  fact  the  universal  method  employed  in 
assembling    such  systems  as  we  are  considering  has  been  that  of  add- 
ing the  water  to  a  definite  mixture  of  the  other  two  constituents, 
keeping  the  temperature  constant.   Instead  of  weighing  the  liquid 
constituents    they  have  generally  been  measured  from  a  burette.  Man- 
ifestly this  would  be  impossible  for  our  purposes  since  it  is  the 
amount  of  water  we  are  trying  to  estimate.  The  first  method  which 
we  tried  was  the  addition  of  the  aqueous  liquid  to  a  constant  amount 
of  the  turpentine,  the  amount  chosen  being  25.8  gr.  or  30  cc.  The 
method  was  carried  out  by  weight  rather  than  by  volumn  since  it  in- 
sured greater  accuracy  and  at  the  same  time  allows  us  to  reduce 
our  data  to  volume  measurements  later. 

The  first  step  in  every  case  was  the  preparation  of  the 
aqueous  alcohol  Or  acetone  .  The  preparation  of  the  dry  reagents 
has  been  discussed  earlier.  Since  it  was  desired  that  the  composit- 
ion should  be  correct  to  at  least  0.02  per  cent  these  solutions 
were  made  up  in  large  quantities  and  in  flasks  fitted  with  ground 
glass  stoppers.  The  weights  were  corrected  for  air  displacement,  the 
volumn  of  the  resultant  mixturs  of  alcohol  and  water  or  acetone  and 
water  being  considered  equal  to  the  initial  volumn  of  each  respect- 
ively.  The  long  necks  of  these  flasks  served  to  lessen  losses  from 
evaporation  when  opened  for  the  purpose  of  adding  the  water. 

After  the  above  had  been  prepared  25.8  gr  of  turpentine 
was  weighed  out  in  one  of  the  same  kind  of  flasks  as  used  in  making 
up  the  first  solutions.  These  flasks  had  been  cleaned  and  dried  pre- 
viously.  The  flask  v/as  then  immersed  in  the  thermostat  and  allowed 
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to  assume  the  temperature.  The  thermostat  was  heated  electrically 

ro 

and  was  of  the  type  used  by  Morse.  After  assuming  the  correct  temp- 
ature ,  which  takes  about  six  minutes,  the  aqueous  liquid  was  then 
added  until  the  turbidity  which  occurs  on  the  addition  of  the  first 
small  amount  begins  to  disappear.  The  flask  is  then  returned  to  the 
thermostat  and  allowed  to  take  the  temperature  again.  Since  the  room 
temperature  was    constantly  below  that  of  the  thermostat  this  pre- 
caution was  necessary  to  avoid  over  running  the  end  point.  At  the 
warmer  temperature  of  the  bath  the  turbidity  has  further  decreased 
to  a  considerable  extent  so  from  this  poant  on  one  must  add  the  re- 
mainder of  the  aqueous  liquid  very  carefully.  To  do  this  the  burette 
was  clamped  above  the  thermostat  making  it  possible  to  continue  the 
addition  without  removing  the  flask  from  the  bath  but  for  a  moment. 
The  addition  is  continued  drop  by  drop,  the  flask  being  shaken  well 
after  each  addition  so  that  the  contents  will  be.  ffiixed  thoroughly 
and  that  the  temperature  will  be  assumed  more  quickly.  As  one  adds 
the  aqueous  liquid  thus  slowly  the  turbidity  will  be  seen  to  disappear 
gradually  until  a  point  is  reach  where  only  a  very  slight  turbidity 

remains.  This  is  taken  as  the  end  point.  The  flask  is  then  dried  and 

•  of 

weighed 'and  the  amount  .added  liquid  ascertained.   It  was  found  ad- 
visable to  return  the  flask  to  the  bath  and  allow  it  to  assume  the 
temperature  again  whereupon^  if  the  end  point  has  been  judged  correct- 
ly, the  turbidity  ought  to  disappear  on  addition  of  a  drop  or  two. of 
the  aqueous  liquid.  If  this  was  net  the  case  the  flask  was  weighed 
again  and  the  trial  repeated.  This  was  continued  until  the  correct 
end  point  was  reached.  However  this  was  necessary  in  on]y  the  first 
few  experiments  as  with  a  little  experience  one  can  judge  the  end 
point  very  closely.  This  method  has  the  very  serious  objection  as  s 
the  end  point  is  a  negative  one.  In  the  hands  of  the  different  man- 
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ipulators  this  would  undoubtedly  prove  a  source  of  great  error  if 
it  was  attempted  to  estimate  the  correct  end  point  without  repeated 
trials  and  the  time  consumed  in  making  these  trials  would  be  another 
very  objectionable  feature.   If  one  were  to  carry  out  the  method  by  * 
volumn  measurements  with  a  burette  this  would  not  be  such  an  object- 
ionable feature.  The  real  drav/back  which  caused  us  to  discard  this 
method  of  manipulation  v/as  the  difficulty  encountered  in  working 
with  amounts  of  water  above  six  or  seven  per  cent.  To  reach  the  end 
point  it  was  found  necessary  to  add  a  very  large  amount  of  the  aque- 
ous liquid  which  resulted  in  obscuring  it  to  such  an  extent  that  con- 
cordant results  were  impossible. 

Prom  the  amount  of  the  aqueous  liquid  required  to  produce 
the  end  point  in  the  standard  quantity  of  turpentine  it  was  found 
that  the  percentage  of  water  present  in  the  organic  liquid  might 
be  inferred  by  reference  to  a  curve  constructed  by  plotting  the  data 
from  known  solutions,  using  the  amounts  of  the  aqueous  liquid  requir- 
ed for  25.8  gr  turpentine  as  abscissae  and  the  percentages  of  water 
as  ordinates.  Later  it  was  concluded  that  a  curve  of  the  dimensions 
necessary  for  such  a  purpose  would  be  too  inconvenient  for  ordinary 
use  so  the  alternate  was  used  of  interpolating  a  complete  series  of 
values  from  the  curve  and  making  thses  into  a  table.  For  the  percent- 
ages of  water  which  it  was  possible  to  determine,  this  method  proved 
accurate  to  within  0.05  per  cent. 

The  second  method  and  the  one  finally  adopted  consisted  in 
adding  the  turpentine  to  the  aqueous  liquid.  This  method  has  the 
advantage  of  the  positive  end  point  and  is  applicable  to  percentages 
of  water  up  to  20  per  cent  in  alcohol  and  about  15  per  cent  in  ac- 
etone. We  first  thought  it  necessary  to  add  the  turpentine  to  a  con- 
stant weight  of  the  aqueous  liquid  but  it  was  soon  found  that  the 
curves  for  different  temperatures  were  not  parallel  but  seemed  to 
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converge  as  the  per  cent  of  water  increased.  I'.'e  therefore  added  the 
turpentine  to  any  convenient  amount  of  the  aqueous  liquid,  generally 
taking  for  our  sample  a  number  of  grams  numerically  equal  to  the 
per  cent  of  water. 

After  weighing  out  our  sample,  which  was  done  in  the  long 
necked  glass  stoppered  flasks  as  stated  above,  it  v/as  placed  in  the 
thermostat  and  allowed  to  take  the  temperature.   The  burette  v/as  again 
Placed  above  the  bath  so  that  the  additions  could  be  made  without 
keeping  the  flack  out  for  too  long  a  time.  Precaution  was  taken  this 
time  to  have  the  room  temperature  below  that  of  the  bath.  The  turp- 
entine was  then  run  in  until  there  v/as  a  very  slight  turbidity.  The 
flask  was  the"  put  back  in  the  bath  to  come  up  to  temperature,  where- 
upon at  the  higher  temperature  the  mixture  becomes  clear  again.  Care 
must  be  taken  to  shake  the  mixture  thoroughly  after  the  addition  of 
the  turpentine  as  otherwise  it  will  not  dissolve  readily.  Then  the 
turpentine  is  added  in  small  quantities,  keeping  the  flask  at  the 
temperature  of  the  bath,  until  there  is  a  slight  turbidity.  This 
appears  instantly  on  the  addition  of  one  drop  in  excess  of  the  true 
critical  composition.  This  is  the  end  point  and  if  one  has  taken 
care  to  keep  the  temperature  of  the  bath  and  has  avoided  excess  evap- 
oration. Prom  the  amount  of  turpentine  required  to  produce  dissol- 
ution it  is  a  simple  matter  to  calculate  the  amount  of  the  aqueous 
liquid  to  correspond  to  25.8  gr  turpentine.  This  gives  us  our  data 
on  a  comparable  basis.  By  referring  this  calculated  amount  of  the 
aqueous  liquid  to  a  curve  or  table  the  percentage  of  water  may  be 
told.  This  manipulation,  though  tedious  when  carried  out  by  weight 
and  at  a  constant  temperature ,is  very  simple  v/hen  done  with  burettes 

o 

and  at  room  temperature.  Instead  of  using  a  thermostat  regulated  to 
a  constant  temperature  in  actual  practice  it  will  be  entirely  feas- 
ible  to  v/ork  at  the  temperature  of  the  room  providing  it  is  in  the 
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neighborhood  of  20°c  or  less.   It  is  not  advisable  to  work  at  temp- 
eratures above  that  as  losses  by  evaporation  increase  rapidly  with 
the  temperature.  To  obtain  a  lower  temperature  it  would  be  a  simple 
matter  to  work  in  a  vessel  filled  with  water  which  could  be  cooled 
to  the  desired  extent.  In  this  case  the  temperature  would  have  to  be 
read  at  the  time  the  end  point  is  reached.  The  shaking  of  the  con- 
tents of  the  flask  is  amply  sufficient  for  stirring  the  bath  and  thus 
to  keep 

N  it  at  a  constant  temperature  throughout. 

The  loss  due  to  evaporation  while  adding  the  turpentine  is 

an  objectional  feature  for  which  there  is  no  remedy.  The  most  one 

can  do  is  to  take  precautions  to  keep  the  flasks  closed  as  much  as 

possible.  The  rapidity  with  which  onecarries  out  the  addition  of  the 

turpentine  is  important  also.  Where  it  is  possible  the  use  of  a  sec- 
ond 

bath  cooler  than  the  main  one  is  urged,  so  that  one  may  then  add 
enough  turpentine  to  cause  a  slight  turbidity  and  then  transfer  to 
the  warmer    one  and  add  the  remainder  necessary  in  a  correspondingly 
shorter  time. 

The  data  which  we  have  obtained  in  this  manner  is  consider- 
ed as  allowing  for  the  average  loss  in  this  direction,  so  if  one  uses 
ordinary  precautions  this  ought        cause  no  very  great  discrepancy. 
It  may  be  said  that  as  the  percentage  of  water  increases  the  amount 
of  turpentine  required  to  produce  dissolution  decreases  very  rapidly. 
Hence  the  factor  oy  which  it  is  necessary  to  multiply  the  amount 
of  aqueous  liquid  in  the  sample  to  make  it  correspond  to  25.8gr 
turpentine  increases.  Thus  any  loss  by  evaporation  in  excess   of  the 
normal  will  cause  a  large  error  in  the  calculated  amount  of  the  aq- 
ueous liquid.  This  is  compensated ,  though ,  as  is  shown  in  the  follow- 
ing example.  If  we  should  have  a  case  in  which  the  amount  of  turpen- 
ine  required  was  2.00  gr ,  the  factor  would  be  12.9.  The  discrepancy 
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in  the  amount  of  aqueous  liquid  calculated  would  exceed  a  gram  for 
for  a  loss  of  100  mg  by  evaporation.  This  would  mean  that  for  the 
range  of  factors  of  this  size  the  percentage  water  indicated  would 
be  too  low  to  the  extent  of  a  few  hundredths  of  a  per  cent.  This 
difficulty  may  be  overcome  largely  by  increasing  the  size  of  the 
sample,  although  if  the  method  is  carried  out  with  care    this  is 
not  necessary  beyond  the  limits  stated  earlier. 

The  accuracy  with  which  one  must  judge  the  end  point  is 
easily  determined  from  an  inspection  of  the  data.  Bancroft  has  stat- 
ed that  the  amount  of  chloroform  required  in  the  system  proposed  by 
him  would  vary  widely  for  small  variations  in  the  percentage  of 
water,  thereby  augmenting  the  accuracy  of  the  determination.  V/e  note 
this  same  condition  but  find  on  further  examination  that  this  admir- 
able behavior  is  true  only  within  narrow  limits  for  turpentine  sys- 
tems. For  instance,  10.4668  gr  of  an  alcohol  containing  6.06  per 
cent  of  water  by  weight  required  at  20°C       .21.61  gr  turpentine  to 
produce  dissolution,  while  10.7360  gr  of  an  alcohol  containing  5.43 
per  cent  water  required  33.94  gr.  The  difference  is  12.33  gr.  But 
while  this  amount  is  large,  when  we  calculate  the  amount  of  aqueous 
liquid  to  correspond  to  25.8  gr  turpentine  v/e  find  it  to  be  small, 
amounting  to  4.40  gr.  Hence  the  inevitable  conclusion  is  that  v/e 
must  judge  the  end  point  as  closely  as  the  smallest  amount  which  it 
is  possible  to  add  from  the  ordinary  burette.   In  our  work  this  has 
been  estimated  at  40  to  50  mg.  If  one  estimates  the  end  point  that 
closely  variations  in  the  amount  of  water  found  will  be  within  one 
or  two  hundredths  of  a  per  cent. 

But  as  v/e  have  experimented  with  those  liquids  containing 
the  larger  amounts  of  water,  i.e.  above  seven  or  eight  per  cent. in 
alcohol  and  ten  per  cent  in  acetone,  we  find  that  either  the  end 
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point  was  not  judged  as  closely  as  before  or  that  there  were  other 
influences  being  everted,  as  the  results  did  not  check  nearly  as 
well  as  for  the  smaller  percentages.  We  may  charge  this  to  the  fact 
we  were  using  a  very  large  factor  to  convert  the  system  to  corres- 
pond to  25.8  gr  turpentine.  At  any  rate  the  largest  differences 
could  be  accounted  for  by  the  fact  the  original  samples  taken  and 
the  amounts  used  for  calculation  differed  by  less  than  0.10  gr.  This 
might  ^  partially  be  attributed  to  losses  by  evaporation,  small 
temperature  variations  or  failure  to  estimate  the  endpoint  correctly. 
However  it  is  hardly  probable  that  it  is  the  latter  in-as-much  as 
duplicate  experiments  varied  little  in  this  behavior.   If  we  do  meet 
these  variations  we  also  meet  conditions  which  are  the  reverse  of 
those  which  obtained  in  the  case  of  the  smaller  percentages  of  water, 
i.e.  The  amounts  of  turpentine  required  for  aqueous  liquids  diff err- 
ing by  a  tenth  of  a  per  cent  water  content  is  small    but  the  amounts 
of  aqueous  liquid  required  for  25.8  gr  turpentine  differ  very, widely. 
The  following  example  will  illustrate  this.  9.9799  gr  of  an  alcohol 
containing  12.33  per  cent  water  required  2.50  gr  turpentine  at  20°C , 
while  10.3186  gr  of  an  alcohol  containing  14.29  per  cent  required 
1.90  gr  at  20°C.  it  is  obvious  that  the  difference  in  amount  of  tur- 
pentine is  small  and  that  the  end  point  must  be  judged  closely.  But 
when  we  come  to  calculate  the  difference  in  the  amounts  of  aqueous 
liquid  we  find  a  very  large  difference,  the  first  requiring  102.65  gr 
and  the  second  139.98  gr,  a  difference  of  37.35  gr.for  only  1.47  per 
cent.   lhe  way  in  which  duplicate  experiments  have  checked  warrants 
us  in  estimating  the  accuracy  to  within  0.04  per  cent  for  alcohol 
and  0.02  per  cent  for  acetone.   It  is  implied  that  this  accuracy  can 
only  be  attained  by  carrying  the  process  out  by  weight.  With  care- 
ful manipulation  this  method  will  prove  many  times  as  accurate  as 
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the  hydrometer,  although  not  so  quick,  and  it  will  be  as  accurate 
as  the  average  specific  gravity  determination  and  very  much  quicker. 
It  will  be  of  more  practical  use  than  the  last  mentioned  method  in 
those  instances  which  involve  impure  alcohol  for  obvious  reasons. 
Later  In  discussion  of  the  final  tables  an  instance  will  be  taken  up 
whichj  in  a  way}  verifies  these  statements. 

7.  The  behavior  of  different  turpentines. 

It  M'as  noticed  in  the  first  part  of  this  paper  that  the 
probability  of  all  turpentines  acting  alike  in  the  capacity  which  we 
are  using  them  was  of  considerable  importance  to  this  method  although 
not  an  indispensable  factor.  One  of  the  first  instances  in  which  we 
had  occasion  to  notice  this  behavior  was  in  connection  with  the  data 
in  Table  2.  Here  it  was  observed  that  two  seemingly  different  tur- 
pentines mixed  with  identical  amounts  of  acetone  required  almost 
identical  amounts  of  water  to  produce  dissolution.  However  this  data 
must  be  considered  in  its  true  light  as  being  useful  only  as  a  means 
of  rough  comparison.  No  accuracy  is  claimed  for  the  specific  amounts 
of  v/ater  taken  up,  but  on  the  other  hand  only  the  relation  between 
the  corresponding  mixtures  is  to  be  considered.  However  if  a  compari- 
son is  made  between  Tables  2  and  3,  3  being  for  alcohol-turpentine- 
water  mixtures,  and  then  the  conclusion  that  the  same  relation  be- 
tween the  amounts  of  water  taken  up  by  definite  mixtures  respectively 
holds  true  in  all  cases  is  apparent.  For  instance  45  cc  acetone 
mixed  with  30  cc  turpentine  required    2.30  cc  water  to  produce  dis- 
solution, while  45  cc  alcohol  mixed  with  the  same  amount  of  turpen- 
tine required    2.14  cc.  Hence  we  have  the  condition  holding  that  it 
takes  less  aqueous  alcohol  for  25.8  gr  turpentine  than  it  does  ac- 
etone to  cause  dissolution,  weight  for  weight.  As  far  as  such  exper- 
iments go  all  the  "  pure  gum  spirit  "  turpentines  agreed  perfectly. 
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Many  experiments  were  made  directly  to  test  the    agreement  of  the 
the  differ  ent  samples*  Table  6  under  the  next  division  especially 
illustrates  this.  Here  we  see  four  diffrrent  turpentines  which  have 
been  treated  and  distilled.  The  two  "  pure  gum  spirits  "  show  ex- 
actly the  same  behavior  within  the  limits  of  experimental  error  as 
explained  there.  It  is  also  noticed  in  connection  with  the  discussioi; 
of  the  final  data  for  acetone  that  again  a  different  turpentine  is 
compared  with  the  one  chosen  for  the  standard  and  is  found  to  agree 
perfectly.  Prom  these  proofs  and  others  which  we  have  met  in  the 
course  of  this  work  we  have  concluded  that  all  "  pure  gum  spirits  M 
will  give  fairly  concordant  results  and  in  many  cases  identical  ones, 
It  may  be  of  interest  to  notice  a  few  of  the  discrepancies 
which  we  have  encountered  in  trying  to  use  some  of  the  turpentines 
which  we  purchased.  A  sample  of  "  pure  gum  spirit  •*  ,  sample  E  (cf 
Table  1   ) ,  was  purchased  from  the  Gulf  Lumber  Co.   of  Louisana.  It 
was  noticed  that  this  product  had  a  very  peculiar  oder,  something 
like  decaying  wood,  at  least  musty  and  pungent.  We  attempted  to 
carry  out  a  few  experiments  with  this  sample  but  it  was  quickly  seen 
that  there  was  some  foreign  substance  present  as  there  seemed  to  be 
a  cloudiness  formed  on  addition  of  dry  acetone  to  it.  This  precluded 
any  possibility  of  working  with  it.  Dr.  Chas.  Herty  of  the  Universi- 
ty of  north  Carolina  suggested  that  this  turpentine  was  the  last  of 
the  season  and  that  its  peculiar  properties  were  possible  do  to  the 
fact  that  the  receptacles  which  are  used  for  collecting  the  sap  are 
then  cleaned  out  and  the  whole  resultant  mass  distilled,  a  procedure 
which  would  not  be  conducive  to  the  production  of  a  good  grade  of 
gum  spirit,  The  treatment  which  we  gave  this  turpentine  substantiate? 
this  opinion,  as  the  above  mentioned  cloudiness  was  not  noticed 
afterwards. 
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A  little  later  a  sample  of  turpentine  was  received  from 
the  Electric  Turpentine  Co,  of  Vancouver,  B.   C.  Canada.  This  was 
purchased  as  a  "  wood  distilled  "  product.   It  was  from  the  Douglas 
Fir  and  that  fact  alone  might  easily  be  enough  to  prevent  its  class- 
ification as  a  true  turpentine.  However  it  was  tested  out  and  it 
may  be  shortly  stated  that  the  results  obtained  were  so  different 
than  any  of  the  others  that  nothing  more  was  done  with  this  sample 
until  the  experiments  on  treating  the  turpentines  in  the  next  div- 
ision were  made.  Reference  to  lable  6,  sample  L  will  explain  the 
results  obtained  with  it  after  treatment*  They  are  practically  the 
same  as  before  treatment,  a  little  better  if  anything. 

At  odd     times  when  experiments  were  being  made  with  stand- 
ard turpentine,  sample  I,  Tables  8  and  12,  a  trial  would  be  made 
with  one  of  the  other  M  pure  gum  spirits  'J  In  all  cases  the  results 
agreed  perfectly  within  the  limit  of  experimental  error  as  stated 
before.  Hov/ever  it  would  be  unsafe  to  employ  a  turpenti  ie  for  such 
a  purpose  unless  it  were  thoroughly  tested  before.   It  could  be 
shown  easily,  and  would  not  be  unreasonable  to  expect^ that  a  tur- 
pentine which  does  not  agree  with  the  chosen  standard,  sample  I, 
would  disagree  uniformly  and  that  the  greatest  difference  which 
could  exist  would  be  a  vertical  displacement  of  the  curves  as  we 
have  constructed  them.  Therefore  it  would  be  an  easy  thing  to  do  to 
standardize  ,  as  it  were,  any  product  differing  from  the  standard. 
Undoubtedly  this  will  be  necessar;.  many  times  and  as  it  involves 
no  extra  manipulation  than  testing  as  described  above  this  will  be 
a  simple  ratter.  One  should  not  use  those  turpentines  which  dis- 
agree too  widely.  The  method  of  standardization  to  which  we  refer 
consists  of  subjecting  the  sample  in  question  to  a  test  with  aqueous 
alcohol  or  acetone,  the  water  content  of  v/hich  is  known.  These  tests 


should  be  carried  out  with  more  than  ordinary  precaution  as  all  fut- 
ure work  will  depend  on  them.  These  tests  would  furnish  us  with  the 
information  of  how  much  turpentine  would  be  required  for  a  certain 
amount  of  the  aqueous  liquid  from  which  could  be  calculated  the 
amount  of  aqueous  liquid  for  25.8  gr  turpentine.  We  could  then  refer 
to  the  tables  and  ascertain  the  correct  amount  for  the  particular 
percentage  in  question.  The  amount  found  by  experiment  divided  by 
the  amount  from  the  table  would  give  the  factor.  All  amounts  of 
turpentine  used  thereafter  would  have  to  be  multiplied  by  this  facto 
before  proceeding  to  calculate  the  amount  of  aqueous  liquid  for  25.8 
gr  of  it.   If  the  factor  should  come  out  equal  to  one  the  turpentine 
would,  of  course,  be  normal;  then, too,  we  would  have  tc  consider  ex- 
perimental errors  in  getting  this  factor,  so  if  it  came  within  those 
limits  we  should  call  it  normal.  The  factor  obtained  in  this  manner 
would  not  be  subject  to  change  if  the  turpentine  were  kept  from 
contact  with  the  air.  We  have  not  been  in  a  position  to  test  this 
part  of  the  work  as  much  as  would  be  desired  since  all  turpentines 
worth  testing  were  normal.   It  is  hoped  that  later  we  may  duj  this. 
8. Effect  of  treatment  and  distillation  of  the  turpentines. 

In  trying  to  ascertain  the  reason  why  sample  D  turpentine 
from  the  Gulf  Lumber  Co.   of  Louisana  showed  its  peculiar  behavior 
it  was  noticed  the  addition  of  a  few  cc  of  a  twenty-five  per  cent 
potassium  hydroxide  solution  caused  a  reaction  which  resulted  in 
turning  the  caustic  solution  a  very  dark  brown.  It  was  decided  to 
try  this  out  on  a  large  scale  adding  enough  of  the  caustic  solution 
to  complete  whatever  reaction  there  was.  To  make  sure  that  the  react 
ion  was  complete  small  portions  were  withdrawn  from  time  to  time  and 
tested  separately.  When  there  was  no  further  sign  of  reaction  and 
the  main  body  had  been  shaken  thoroughly  and  allowed  to  settle  the 
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turpentine  was  syphonod  off  and  dried  over  calcium  chloride.  Three 
samples  were  treated  in  this  manner,  samples  P,  E  and  H.  They  wore 
labeled  J,  K  and  L  respectively  afterwards.  Sample  P  showed  no  re- 
action whatever  with  the  caustic.  The  object  in  treating  this  lot 
was  to  show  the  effect  on  a  normal  turpentine.  Samples  E  and  P  col- 
ored the  caustic  solution  a  blackish  brown.  These  three  samples  were 
then  distilled  and  the  specific  gravities  of  the  distillates  taken. 
Sample  P  turpentine  was  changed  very  little  in  specific  gravity  as 
will  be  seen  from  Table  6  and  this  is  true  of  sample  E.  Sample  H  was 
changed  the  most  of  any  although  not  as  much  as  was  expected  from 
the  appearence  of  the  caustic  solution. 

This  reaction  has  been  considered  as  being  the  neutral- 
ization of  organic  acids  present  in  the  turpentine  which  were  dis- 
tilled over  at  the  time  of  manufacture  or  were  formed  later  through 
oxidation  by  the  air.  And,  too,  it  is  possible  that  there  may  have 
been  a  hydrolysis  caused  by  the  caustic  We  have  not  been  able  to 
find  that    any  of  these  explanations  are  true  ones  as  treatises  on 
turpentine  have  not  given  any  information  on  the  subject.  It  is 
significant  that  the  effect  of  the  potassium  hydroxide  solution 
has  shown  an  effect  only  on  those  turpentines  which  have  been  use- 
less for  our  work  and  therefore  we  have  come  to  the  conclusion  that 
turpentines  exhibiting  this  behavior  should  be  excluded  for  such 
purposes.  The  following  is  a  list  of  the  turpentines  treated  show- 
specific  gravities  before  and  after  treatment. 

Table  6.  3P<   Grav.         Sp.  Grav. 

Sample.        Acidity.        Source.       Untreated.  Treated. 

J  none  Samp.  P        0.86419  0.06279 

K  slightly  Samp.  E        0.86105  0.86060 

L  very  acid  Samp.  H        0.06000  0.05641 
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The  most  important  effect  which  we  wished  to  observe  was 
the  influence  which  this  treatment  on  the  behavior  of  the  turpentine 
in  the  regular  work.  The  following  data  will  give  the  best  idea  of 
that.  The  data  given  here  was  obtained  from  a  series  of  experiments 
with  the  standard  turpentine  and  the  three  renovated  ones.  The  com- 
position of  the  aqueous  alcohol  was  not  known  as  that  was  unimport- 
ant as  long  as  the  end  point,  was  good. 

Table  7. 
20°C. 

Amt.  aq.  alcohol 
Sample.      Aq.  Alcohol.        Turpentine.       for  25.8  gr.  Turp. 


I  4.6438  gr  1.18  gr  101.93  gr 

J  4.7694  1.23  100.35 

K  4.6978  1.15  106.18 

L  3.3140  2.28  37.55 


Sample  I  is  the  standard  turpentine  and  the  other  three  are  the 
the  renovated  ones.   It  will  be  noticed  that  there  is  a  considerable 
difference  between  the  amounts  in  the  last  column  for  the  first  two 
samples  inas  much  as  they  are  both  "  pure  .gum  spirits  " ,  but  this  is 
due  to  the  fact  that  the  samples  of  aqueous  alcohol  used  were  small 
and  consepuently  we  had  to  use  a  large  factor  in  calculating  the 
amount  for  25.8  gr  turpentine.  This  alcohol  also  had  a  large  water 
content  as  evidenced  by  the  small  amount  of  turpentine    required  for 
dissolution.   Aherefore  if  we  had  used  larger  samples  there  would  have 
been  a  better  agreement.  Sample  K  was  the  turpentine  from  the  Gulf 
Lumber  Co.  and  it  has  already  been  stated  that  we  were  unable  to  use 
it  in  the  original  condition.  We  conclude,  therefore,  that  the  treat- 
ment has  benifitsd  it  very  materially,  although  it  still  does  not 
agree  with  the  first  two.  This  is  the  kind  of  a  turpentine  for  which 
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it  would  be  necessary  to  use  a  factor.   Unfortunately  the  amount  we 
had  left  after  these  experiments  was  too  small  to  do  any  more  with 
in  this  direction.  Sample  L  was  the   '  wood  distilled  M  turpentine 
from  the  Electric  Turpentine  Co.   of  Canada.   Its  behavior  has  been 
discussed  under  the  heading ,  Agreement  of  turpentines,  and  there  it 
was  noted  that  it  was  totally  abnormal.  We  cannot  say  that  it  has 
been  improved  by  this  treatment.  Its  behavior  was  increased  slightly 
towards  the  normal  but  not  worth  mentioning. 
9.  The  Mass  Law  and  the  Constant  calculated. 

// 

In  going  over  the  work  which  Bancroft  has  done  on  ternary 

mixtures  we  find  that  he  used  his  data,  obtained  in  much  the  same 

manner  as  ours,  for  the  calculation  of  physical-chemical  constant 

by  applying  the  Mass  Law  equation.  This  equation  takes  the  form 

a  dx  .    b  dy 
x     +    y      =  0. 

This  equation  as  stated  fullfils  the  assumption  that  the  change  in 
solubility  of  either  of  the  other  two  constituents  in  a  constant 
quantity  of  the  third,  the  third  is  turpentine  in  our  case,  is  a 
function  of  the  amounts  of  those  two  in  the  mixture.  This  equation 
may  be  expressed  in    integrable  form  as 

a  dlogx   +    b  dlogy    =  0 
where  a  and  b  are  proportionality  factors  and  x  and  y  represent  in 
our  case  the  amount  of  alcohol  or  acetone  in  a  constant  quantity 
of  turpentine.   Integrating  one  obtains  the  equation 

xa    yb  =  C. 
r±hen  making  a/b  =  n    one  obtains  the  form 

x        yn  =  C 

where  the  second  constant  is  different  from  the  first.  We  have  used 

// 

this  last  equation  as  taken  from  Bancroft* s  paper  to  calculate  a 
few  of  our  results  which  are  given  in  the  following  Table  8. 


Table  8. 

Formula  used,  x  yn  =  C.  n  =  -.455 
x  =  gr.  acetone.  y  =  gr.  water. 

Constant  quantity  of  turpentine  =  25.8gr, 
Sample  D  Turpentine*  Temperature  =  23°C. 

lift,  of  Acetone.        Wt.   of  Water.  Log.  C. 

23.7351  gr                1.1123  gr  1.365 

31.0352                     2.0263  1.363 
Sample  D  Turpentine*  Temperature  =  22°C. 

3.7916                      0.0228  1.326 

23.3100                      0.9275  1.381 
Sample  C  Turpentine.  Temperature  22°C. 

13.7589                      0.2709  1.396 

24.5226                     0.9780  1.394 

33.1651                     2.0650  1.386 
Sample  F  Turpentine.  Temperature  20°C. 

14.6700                      0.3707  1.351 

21.7652                     0.9248  1.353 

22.0462                     0.0365  1.356 
Sample  P  Turpentine.  Temperature  17°C. 

2.5127                      0.0073  1.372 

4.3852                 .    0.0248  1.372 

22.3647                     0.9503  1.379 

x  =  gr  alcohol.  y  =  gr  water. 

Wt.  of  alcohol.        V/t.  of  Water.  Log.  C. 

Sample  G  Turpentine.  Temperature  =  22°C. 

20.3444                     0.9865  1.314 

33.6922                      1.9689  1.317 
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Table  8  (cont. ) 
Wt.   of  Alcohol.  Wt.   of  Water.  Log.  C. 

Sample  P  Turpentine.  Temperature  =  23°C. 

17.5199  0.8512  1.293 

32.7578  1.9050  1.306 

The  data  for  those  parts  of  Table  8  for  turpen- 
tines D  and  C  for  the  acetone  portion  and  F  and  G  for  the  alcohol 
portion  was  obtained  by  adding  the  aqueous  acetone  and  aqueous  al- 
cohol to  25.8  gr  of  the  turpentine  while  the  portion  for  turpentine 
P  at  20°  and  17°  was  obtained  by  adding  the  turpentine  to  a  known 
of  the  aqueous  liquid  and  the&calculating  the  system  to  correspond 
to  25.8  gr  turpentine.  Since  these  two  methods  of  manipulation  bring 
us  to  different  end  points  the  constants  are  not  comparable  even 
allowing  for  the  differences  in  temperature.  The  most  that  can  be  said 
is  that  the  estimation  of  the  end  point    must  have  been  quite  accurate 
in  both  methods  of  manipulation  to  produce  even  as  good  a  constant  as 
we  find  here.   Other  than  this  the  significance  of  the  physical -chem- 
ical constant  is  but  theoretical. 

10.  Determination  of  water  in  alcohol. 

So  far  we  have  considered  only  those  faetures  of  the  matter 
which  have  presented  themselves  while  the  actual  data  to  establish 
the  method  was  being  obtained.  V/e  wish  now  to  take  up  the  specific 
subject  of  determination  of  the  percentage  of  water  in  alcohol.  Under 
the  heading,  Methods  of  Manipulation,  the  two  possible  method  of  pro- 
cedure were  considered.  Since  it  was  found  more  satisfactory  in  every 
way  to  add  the  turpentine  to  the  aqueous  alcohol  this  method  has  been 
used  in    obtaining  the  data  from  which  Table  11  was  derived. 

The  first  step  in  performing  these  experiments  was  the 
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preparation  of  the  aqueous  alcohol.  The  preparation  of  the  anhydrous 
has  already  been  discussed.  These  solutions  were  made  by  weight  as 
that  insured  the  greatest  accuracy,  ^he  flasks  used  in  weighing  out 
the  alcohol  were  the  ordinary  graduated  glass  stoppered  one  usod  in 
the  laboratory  for  making  up  standard  solutions.  Care  was  taken  to 
see  that  the  stoppers  fitted  as  tightly  as  possible  to  avoid  losses 
from  evaporation.  Water  was  then  added  to  the  alcohol  and  the  per- 
centage by  weight  calculated.  Correction  was  made  for  air  displace- 
ment. The  assumption  was  made  that  the  alcohol  was  perfectly  dry  and 
as  every  precaution  was  taken  to  have  it  so  there  should  be  a  very 
small  error  due  to  this.  The  solutions  were  used  immediately  after 
making  to  avoid  any  changes  on  standing. 

Samples  from  the  stock  solutions  were  then  weighed  out  in 
the  same  kind  of  flasks,  the  amount  taken  depending,  as  stated  be- 
fore, on  the  percentage  of  water  present.   In  general  it  is  a  good 
plan  to  take  from  five  to  seven  grams  although  if  the  water  content 
is  small  it  is  more  economical  to  use  half  that  quantity.  On  the 
other  hand  if  the  water  content  is  large,  i.e.  above  ten  per  cent, it 
is  better  to  use  two  or  three  times  this  amount.  This  will  be  a 
matter  for  individual  judgement  and,  if  necessary,  estimate  the  cor- 
rect amount  to  use  by  actual  trial.   It  will  be  seen  fron  Table  9 
that  a  4.96  per  cent  water  content  required  for  a  sample  of  8.9398  gr 
52.69  gr  turpentine  for  dissolution  while  10.6339  gr  of  the  same 
alcohol  required  63.24  gr  turpentine.   It  is  obvious  that  we  might 
have  used  half  these  quantities  and  still  obtained  just  as  good 
results.   In  ordinary  work  if  one  has  occasion  to  add  from  Five 
to  twenty  grams  turpentine  it  will  be  sufficient. 

The  data  in  Table  9    was  obtained  by  adding  the  turpentine 

to  the  aqueous  alcohol,  the  temperature  being  exactly  20°G.  Each 


determination  was  carried 

out  in  duplicate 

and  as  the  unavoidable 

error  in  adding  the  turpentine  was  50  mg, 

perhaps  greater, 

the  way 

they  check 

has  been  very 

satisfactory. 
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24.92 

7.6705 

4  .71 

41.96 

42.00 

n 

5.9067 

3.68 

42.03 

9.88 

12.1730 

4.62 

67.92 

67.77 

n 

13.3083 

5.08 

67.61 

12.33 

9.9799 

2.50 

103.19 

i  no  aa 
1  u  a .  o  o 

it 

8.9176 

2.25 

102.11 

Table  9  (cont.  J 

f0  water  Sample  of  Turpentine  Amount  for 

n  alcohol.      aq.  alcohol.  for  dissol.      25.8  gr  Turp.  Average. 


14.29  10.3188  1.90  140.41 

w  11.2750  2.09  139.53 


139.98 


16.74  12.9873  1.78  187.93  187.93 

■  12.2360  1.71  184.66 

19.18  18.9573  2.08  235.10 

"  17.6666  1.94  235.00 


235.05 


In  the  first  column  of  the  above  table  is  given  the  per- 
centage of  water  in  the  alcohol,  in  the  second  the  weight  of  the 
sample  to  which  turpentine  was  added,  in  the  third  the  weight  of 
turpentine  added  in  the  fourth  column  the  calculated  amount  of  the 
aqueous  alcohol  to  correspond  to  25.8  gr  turpentine  is  given.  The 
fifth  column  is  the  average  of  this  calculation  for  the  duplicate 
samples. 

This  is  the  mainportion  of  the  data  from  which  the  curve 

// 

was  plotted  from  which  the  data  for  TableAhas  been  interpolated. 
The  curve  has  been  redrawn  on  a  small  scale  in  Plate  1.  Plotted  on 
a  very  much  larger  scale  using  the  percentages  of  water  as  ordinates 
and  the  amounts  of  aqueous  alcohol  as  abscissae,  the  curve  exhibited 
a  very  fair  degree  of  regularity,  which  is  much  enhanced  plotting 
it  on  this  smaller  scale.  The  only  irregular  part  was  that  between 
five  and  seven  percent  between  which  limits  the  curve  takes  a 
change  of  direction.  This  is  probably  due  to  the  fact  that  there  is 
a  very  radical  change  in  the  composition  of  the  liquid  precipitate 
in  this  region. 

Prom  this  curve  plotted  on  a  large  scale,  since  its  size 

would  prevent  using  it  conveniently  in  practice,  we  have  Interpol- 


ated  the  amounts  of  aqueous  alcohol  required  for  25.0  gr  turpentine 
at  intervals  of  about  0.30  percent  water.  These  results  are  given 
in  Table  11.  To  add  to  the  general  usefullness  of  the  Table  we  have 
included  the  correspr  iding  data  for  the  determination  by  volume.  The 
percentages  by  volume  correspond  to  the  percentages  by  weight  ;pposi 
The  weight  of    aqueous  alcohol  has  been  converted  into  cubic  centi- 
meters by  dividing  by  the  specific  gravity  of  an  alcohol  of  th  it 
composition.  The  Table  has  been  worked  for  20°C  but  the  volurres 
are  those  calculated  from  the  specific  gravities  at  15.56°C  s  nee 
only  tables  for  that  temperature  were  available. 

It  cannot  be  said  that  these  tables  are  accurate  to  more 
than  0.04  per  cent.  With  the  experience  we  have  had  with  the  method 
it  is  hoped  that  a  entirely  new  set  of  tables  may  be  worked  out  in 
the  future  whose  accuracy  will  at  least  be  within  0.01  per  cent.  The 
results  obtained  by  carrying  out  the  method  by  volum e  will , not  be  as 
accurate  as  by  weight  but  where  no  greater  accuracy  t,han  0.10  per 
cent  is  needed  this  will  be  a  very  quick  determination. 

To  use  the  table,  after  one  has  calculated  the    amount  of 
aqueous  liquid  for  25.8  gr  of  turpentine,  one  must  look  up  that  a- 
mount  in  the  fifth  column  corresponding  most  closely  with  it.  The 
difference  between  the  value  and  the  one  in  the  table  divided  by 
the  difference  for  0.01  percent  will  then  give  the  number  of  hun- 
dredths of  a  per  cent  which  must  be  added  or  subtracted  from  the 
per  cent  opposite  the  amount  looked  up  in  the  table.  Whether  the 
interpolated  percentage  shall  be  added  or  subtracted  depends  on 
whether  the  number  in  the  table  was  less  or  greater  than  the  number 
calculated. 

There  is  one  other  correction  which  will  have  to  be  applied 
in  all  determinations  unless  they  are  carried  out  at  the  temperature 


e. 
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of  20°c,  the  temperature  indicated  for  the  table.  This  is  for  the 

reason  that 

at  a  temperature  below  this  less  turpentine  would  be  re- 

quired  to  cause  dissolution  j    therefore  the  amount  of  aqueous  alcohol 

calculated  for  25.8  gr 

turpentine  would  be  more  than  shown  by  the 

table  for  the  true  percentage.  We  have  made  the  experiments  in  table 

10  with  the 

object  in  view  of  ascertaining  this  correction.  It  is 

apparent  from  the  table 

that  for  each  degree  below  20°C  it  is  necess- 

ary  to  subtract  0.10  from  the  indicated  percentage. 

Table  10. 

Sample. 

Turpentine. 

For  25.8  gr.       Ind.  %       True  %       1°C  Diff. 

Temperature 

20°C. 

4.7844 

4. 92 

25.07                  6.46           6.46  0.00 

4.9450 

5.12 

24.92 

Temperature 

15°G. 

4 . 1386 

3.  38 

31 . 62 

6.97          6.46  0.10 

3.7889 

3.10 

31.42 

Temperature 

10°C. 

3.6232 

2.47 

37.79 

7.48          6.46  0.10 

4.7975 

3.26 

38.00 

Temperature 

5°G. 

2.6695 

1.58 

43.46 

7.94           6.46  0.10 

2.4460 

1.45 

43.59 

Temperature 

0°C. 

8.4013 

6.22 

32.76 

7.16          5.19  0.10 

9.5654 

7.44 

33.09 

We 

now  have  a 

complete  method  for  the  estimation  of  the 

water  in  alcohol  for  the  limits  H£  set  by  Table  9.  There  certainly 

will  be  many 

instances 

when  it  will  be  necessary  to  exceed  them.  To 

this  end  we  offer  the  following  neans.  The  minimum,  percentage  of 
water  in  alcohol  which  we  have  been  able  to  determine  at  20°C  is 
is  five.  At  0°C  we  may  go  as  low  as  three  per  cent.  It  will  not  oe 
convenient  at  all  times  to  work  with  this  temperature  and  then^ too ^ 
there  will  be  many  instances  in  which  that  limit  must  be  exceeded. 
Therefore  it  will  be  simpler  to  add  enough  water  to  the  sample  taken 
to  bring  the  percentage  up  to  within  the  limits  of  the  table.  In  the 
vicinity  of  seven  or  eight  per  cent  would  be  the  oest  as  it  is  easie 
to  work  with  this  amount  of  water.  Knowing  the  amount  of  water  added 
simple  calculation  from  the  percentage  indicated  in  the  sample  would 
give  the  percentage  in  the  original  alcohol. 

On  the  other  hand  one  may  have  occasion  to  exceed  the  uppe 
limit  of  the  table    The  procedure  in  this  case  is  the  reverse  of 
the  above.  The  percentage  of  water  must  be  brought  within  the  limit 
by  adding  a  small  amount  of  the  alcohol  to  be  examined  to  a  known 
amount  of  anhydrous  alcohol  or  one  in  which  the  water  content  is 
known*  One  then  can  find  the  percentage  in  the  sample  taken  and 
a  simple  calculation  would  give  the  percentage  of  water    in  the 
alcohol  under  examination.     An  example  of  this  with  the  exception 
that  we  were  looking  for  the  amount  of  alcohol  present  was  met 
when  we  examined  the  distillate  in  an  alcohol  determination  for  a 
sample  of  cider.  Usually  one  takes  the  specific  gravity  of  this 
distillate    at  15.56°C  and  estimates  the  alcohol  thereby  from  tables 
for  that  purpose,  uur  procedure    was  to  add  2.3720  gr  of  this  dis- 
tillate to  9.8670  gr  of  anhydrous  alcohol  (  twice  this  quantity 
would  have  been  better)  and  then  to  determine  the  water  in  the  man- 
ner already  explained.  Knowing  the  percentage  of  water  in  the  sam- 
ple it  was  easy  to  calculate  the  wt  of  water*  This  amounted  to 
19.17    per  cent  of  the  anhydrous  alcohol  plus  the  distillate  or 


2.3474  gr.  The  difference  between  this  weight  and  the  weight  of  the 
distillate  taken  is  the  weight  of  the  alcohol  in  it  or  0.0246  gr. 
This  gives  us  10.37  f0.  By  the  specific  gravity  method  the  percentage 
obtained  was  9.15 

This  procedure  even  when  carried  out  at  the  standard  temp- 
erature of  20°c  and  by  weight  was  not  as  long  as  the  other.   It  v/as 
probably  more  accurate  since  there  was  acetic  acid  present  in  the 
distillate  which  must  have  effected  the  specific  gravity  to  a  con- 
siderable extent,  which  however  would  not  have  effected    our  method 
to  any  practical  extent. 

We  give  in  the  next  table  a  list  of  interpolated  values 
for  approximately  every  0.20  per  cent  water  between  the  limits  five 
and  nineteen  per  cent.  The  first  two  columns  show  the  percentage 
of  water  and  alcohol  by  volume  and  the  second  two  the  corresponding 
percentages  by  weight-  The  fifth  column  shows  the  amount  of  aqueous 
alcohol  required  for  25.8  gr  of  turpentine  and  the  sixth  the  diff- 
erence of  aqueous  alcohol  per  .01  per  cent.  The  seventh  and  eighth 
columns  show  the  amounts  in  columns  five  and  six  converted  to  vol- 
TMjL  measurements .  at  15.56°C.  The  standard  volum  e  of  turpentine  as 
calculated  would  be  29.55  cc  at  this  temperature. 
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laDie 

Percentage 

of  Water 

in  Alcohol* 

Temperature  20 

0  C. 

Temperature  Coefficient 

,  -0.10  per  degree 

below  20 

c. 

By  Volumn. 

,By  Weight. 

%  % 

% 

% 

0r.Aq.Diff.  per 

cc  Aq.. 

Diff.  per 

Water.  Alcohol. 

Water. 

Alcohol. 

Alcohol. 

0.01  % 

A  T  s%  /"\i-»  »»\  n 

Aiconoi . 

0.01  % 

19.24  86.10 

19.22 

80.78 

236.02 

0170  00 

0.195 

86.30 

18.98 

81.02 

231.34 

979  4.^ 

0.210 

86.50 

18.76 

81.26 

226.26 

OAR     1  A 
6(lO»  X.'t 

0.180 

86.70 

10.49 

81.51 

221.78 

0.195 

86.90 

18.75 

81.75 

217.10 

<SO  /  .  C>  O 

0.200 

87.10 

18.00 

82.00 

212.11 

OCT  AC. 
Cj  O  X  t'lO 

0.190 

87 . 30 

17.74 

82.26 

207.15 

OA  R  70 

0.190 

87.50 

17.50 

82.50 

202.47 

9.4.0  "^P 

0.192 

87.70 

17.24 

82.76 

197.40 

Cj  Ore  .  D  \J 

0.190 

87.90 

16.99 

83.01 

192.55 

99R 

0.195 

88.10 

16.74 

83.26 

187.67 

0.195 

88.30 

16.49 

83.51 

182.79 

91  "7  AA 
c,  i.  '  .no 

0.195 

88.50 

16.24 

83.76 

177.91 

91  9  09 

0.195 

88.70 

15.99 

84.01 

173.03 

90A  ^ 

0.195 

88.90 

15.74 

84.26 

168.15 

900  A^ 

0.192 

89.10 

15.48 

84.52 

163.08 

X  t77r  mil 

0.195 

89.30 

15.22 

84.78 

158.01 

1  f!Q  PC 
X  O  0  .  O  / 

0.192 

89.50 

14.97 

85.03 

153.13 

183.87 

0.192 

89.70 

14.72 

85.28 

148.25 

177.48 

0.195 

89.90 

14.46 

85.54 

143.18 

171.51 

0.195 

165.60 

90.10 

14.20 

85.80 

138.11 

0.192 

159.90 

90.30 

13.95 

86.05 

133.23 

Table  11  ( Cont .  ) 


By  Volumn.  By  Weight. 


% 

% 

% 

Gr.  Aq. 

Difr.  per 

CC  @q. 

Alcohol 

Water 

Alcohol. 

AI oohol . 

0.01  % 

Alcohol . 

90.30 

13.95 

86.05 

133.23 

159.90 

0.195 

90.50 

13.09 

86.31 

128.17 

153.04 

0.192 

90.70 

13.44 

86.56 

123.29 

148.20 

0.195 

90.90 

13.18 

86.82 

118.22 

142.19 

0.192 

91.10 

12.89 

87.11 

112.66 

135.67 

0.191 

91.30 

12.62 

87.38 

107.39 

129.40 

0.195 

91.50 

12.36 

87 . 64 

102.32 

123.37 

0.150 

91.70 

12.10 

87.90 

98.46 

118.8? 

0.141 

91.90 

11.82 

88.18 

94.61 

114.28 

0.150 

92.10 

11.56 

88.44 

90.80 

109.75 

0.150 

92 . 30 

11.30 

88.70 

87.09 

105 . 37 

0.127 

92.50 

11.02 

88.98 

83.54 

101.17 

0.140 

92.70 

10.76 

89.24 

80.00 

96.96 

0.120 

92.90 

10.49 

89.51 

76.76 

93.11 

0.145 

93.10 

10.20 

89.80 

72.57 

88.12 

0.165 

93.30 

9.93 

90.07 

68.10 

82.77 

0.124 

93.50 

9.65 

90.35 

64.64 

78.64 

0.123 

93.70 

9.38 

90.62 

61.32 

74.75 

0.123 

93.90 

9.10 

90.90 

57.87 

70.52 

0.124 

94.10 

8.83 

91.17 

54.54 

66.53 

0.124 

94.30 

8.56 

91.44 

51.21 

62.53 

0.123 

94.50 

8.28 

91.72 

47.76 

58.28 

0.123 

94.70 

8.00 

92.00 

44.31 

54.19 

0.123 

94.90 

7.72 

92.28 

40.86 

50.04 

0.123 

95.10 

7.43 

92.57 

37.29 

45.70 

0.124 

95.30 

7.15 

92.85 

33.74 

41.35 
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Table  11  (Cont. 

By  Volumn.  By  Weight* 

%  %  %  %  Gr.Aq.  Diff.  per    cc  Aq.       Diff.  per 


% 

el 

/o 

Gr.Aq. 

Diff.  per 

cc  Aq. 

Alcohol. 

Water. 

Alcohol. 

Alcohol 

.  0.01  % 

Alcohol. 

95.30 

7.15 

92.85 

33.74 

41.35 

0.123 

95.50 

6.86 

93.14 

30.17 

37 . 04 

0.126 

95.70 

6.57 

93.43 

26.50 

32.57 

0.135 

95.80 

6.43 

93.57 

24.60 

30.25 

0.505 

95.90 

6.29 

93.71 

17.52 

21.55 

0.264 

96.00 

6.15 

93.85 

13.80 

16.98 

0.129 

96.10 

5.99 

94.01 

11.74 

14.46 

0.083 

96.20 

5.86 

94.14 

10.66 

13.13 

0.063 

96.30 

5.70 

94.30 

9.64 

11.88 

0.050 

96.40 

5.57 

94.43 

9.00 

11.10 

0.057 

96.50 

5.42 

94.58 

8.14 

10.04 

0.064 

96.60 

5.28 

94.72 

7.24 

8.94 

0.080 

96.70 

5.13 

94.87 

6.04 

7.46 

0.107 

96.80 

4.99 

95.01 

4.54 

5.61 

0.01  % 
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11.  Determination  of  water  in  acetone. 

Although  the  last  to  be  considered,  the  data  and  tables 
for  the  determination  of  water  in  acetone  were  the  first  to  be  ob- 
tained. The  manipulation  was  the  same  as  that  for  alcohol  in  every 
detail  so  need  not  be  repeated  here. 

The  systems  containing  acetone,  however,  present  some 
peculiarities  which  are  worth  mentioning.  Instead  of  only  being  able 
to  determine  amounts  of  water  above  five  per  cent,  as  was  the  case 
with  alcohol,  we  are  able  to  go  as  low  as  one  or  two  tenths  of  one 
per  cent  even  at  the  standard  temperature  of  20 °C.  Table  12  presents 
data  to  this  effect.   It  is  necessary  to  state  that  for  percentages 
as  low  as  one  tenth  of  a  per  cent  it  is  more  accurate  to  work  at  a 
lower  temperature,  though  not  below  10°C.  This  statement  confirms 
the  conclusion  we  drew  in  the  first  experiments  made,  to  the  effect 
that  aqueous  acetone  was  less  soluble  in  turpentine  than  aqueous  al- 
cohol. This  accounts  for  the  fact  that  we  are  able  to  determine  the 
smaller  amounts  of  water  in  acetone  at  the  much  higher  temperatures. 
In  every  way  the  end  point  was  much,  more  abrupt  and  'easier  to  judge 
than  for  alcohol. 

Table  12  contains  the  main  portion  of  the  data  from  which 
the  curve  was  established  and  the  interpolations  made  for  Table  14. 
Plate  2  shows  the  curve  plotted  on  a  small  scale.  This  curve  is  more 
regular  than  that  for  alcohol,  not  exhibiting  any  sudden  changes  in 
direction.  At  present  we  are  unable  to  give  the  reasons  for  this 
phenomenon.  Earlier,  while  working  with  the  acetone-turpentine-water 
systems  by  adding  water  to  definite  mixtures  of  acetone  and  turpentin 
and  also  by  adding  aqueous  acetone  to  turpentine  these  curves  showed 
the  same  break  as  those  for  alcohol*  Why  they  do  not  show  it  when 
the  turpentine  is  added  to  the  aqueous  acetone  has  failed  of  explanan 
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Table  12. 

Acetone-turpentinr-water 

Systems. 

20°C. 

%  water 

Sample  of 

Turpentine 

Amount  aq.  liq. 

in  acetone. 

aq.  acetone. 

for  diosol. 

for  25.8gr  Turp.  Average. 

5.1064 

52.50 

C,  .  O  w 

2.47 

n 

2 • 6200 

27  •  77 

2.44 

J.  .  -LO 

7.3055 

30.09 

A  PA 

6.30 

if 

8 . 1830 

33. 18 

6.35 

7.5135 

17.54 

X  X  •  Uft 

11.05 

ft 

6  •  0443 

14 . 08 

11.06 

O  •  <  >C, 

10.4875 

14.74 

XO  »  OO 

18.35 

ft 

8 . 3753 

11 .76 

18.34 

4  •  0<d 

7.7473 

8.43 

0"K  71 

23.80 

ft 

9 . 2648 

23.90 

A  QA 

ft  •  y4 

9.8198 

9.27 

97  9Q 

27 . 30 

n 

10 . 7500 

10 . 11 

27.31 

7  ^A 
/•  /  4 

8.6383 

4.87 

A^  7ft 

45.90 

ft 

10 . 1115 

er  erf 

5 . 67 

46.01 

O  OA 

8.0499 

3.62 

o  /  .ox 

57.44 

•1 

iu . yby^ 

4  •  y  o 

57.58 

x  v .  oo 

8.5686 

3.28 

A  7 

67.32 

ff 

10.9077 

4.93 

67.30 

iu . luyu 

6  .44 

75  71 

75.91 

ft 

13.1790 

4.47 

75.91 

12.20 

11.6128 

3.31 

90.58  90.58 

i  o .  y  o 

14.2686 

3.08 

x  i  y  •  y  o 

119.93 

ff 

12.6170 

2.70 

120.29 

14.90 

18.4634 

3.45 

138.11  138.11 

14.99 

14.5456 

2.70 

138.77  138.77 

44  ,o 
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tion.  The  curve  exhibits  a  very  fair  degree  of  regularity  plotted  on 
this  large  scale  as  it  also  did  when  plotted  on  the  very  much  larger 
one. 

As  for  the  alcohol  here  too  it  was  necessary  to  determine 
the  temperature  coefficient.  This  was  done  in  the  same  manner  as  for 
alcohol.  The  difference  between  the  true  per  cent  and  the  indicated 
per  cent  averages  0.05  per  cent  for  each  degree  below  20 °C.  It  was 
thought  necessary  only  to  go  as  low  as  10°C  for  the  determination 
of  the  coefficient  since  there  would  not  be  any  occasion  to  go  below 
temperature  in  the  regular  method.  Therefore,  as  explained  before, 
it  is  necessary  to  subtract  0.05  per  cent  from  the  indicated  per  cent 
for  each  degree  below  20°C  at  which  the  determination  is  made. 

This  temperature  coefficient  has  not  been  determined  with 
as  much  accuracu  as  that  for  the  alcohol  and  it  is  to  be  repeated 
before  the  results  are  given  out  as  final.  We  have  not  gone  above 
20°C  in  this  connection  owing  to  the  fact  that  losses  by  evaporation 
while  adding  the  turpentine  increase  very  rapidly  with  the  tempera- 
ture and  it  is  not  advisable  to  work  at  a  higher  temperature  than  the 
standard.  The  following  table  gives  the  data  for  the  temperature  co- 
efficient. 

Table  13. 

Sample.       Turpentine.     For  25.8  gr.     Ind.  %       True  %         1°C  Diff. 
Temperature  20°C. 

7.8831gr  6.31  32.24  5.79  5.79  0.00 

10.3041  8.22  32.35 

Temperature  15 °C. 

8.4582  6.52  33.41 

5..  7882  5.32  33,.  58 

Temperature  10°G. 


5.98  5.79  0.04 


Table  13.   (Cont. ) 
Sample.        Turpentine.     For  25.8  gr.       Ind.  %      True  %       1°C  Diff. 
Temperature  10 °C. 
8.4172gr  6.13  35.44 

6.28  5.79  0.05 

7.3050  5.32  35.43 

The  following  de»ta  will  give  some  idea  as  to  how  this 
temperature  coefficient  is  used.   In  determining  the  water  in  the 
acetone  different  turpentine  was  used  than  that  from  which  the  Table 
was  worked  out.  The  temperature  was  17°C. 

Sample.       Turpentine.     For  25.8  gr      Ind.  %      True  %  Error. 
5.0000gr  51.19  2.52  0.32  0.29  0.03 

11.6604  21.23  14.16  2.49  2.52  0.03 

5.0000  5.53  23.32  4.14  4.08  0.06 

The  first  and  last  experiments  were  carried  out  with  Samp- 
le G  turpentine  and  the  middle  one  with  Sample  C.   (  cf  Table  1  ) 
The  agreement  they  show  is  very  fair  as  we  cannot  say  definitely  if 
the  temperature  coefficient  is  absolutely  correct.  Such  results 
would  be  considered  close  enough  at  least  for  practical  purposes. 

The  following  table  containes  the  data  interpolated  from 
the  data  in  Table  12.  The  per  cents  are  those  by  weight  as  there 
was  no  means  of  converting  these  to  volumn  measurements  as  in  the 
case  of  alcohol.  Otherwise  the  Table  is  to  be  used  as  directed  for 
the  one  for  alcohol. 
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12.  Concluaion, 

As  we  have  outlined  the  method  for  the  determination  or 
the  water  content  in  alcohol  and  acetone  it  is  quite  sure  to  prove 
a  very  useful  means  for  cases  in  which    it   would  be  impossible,  both 
from  an  economic  consideration  of  the  reagents  needed  for  the  process 
and  for  apparatus  required,  to  make  such  tests.  The  time  taken  for 
a  determination  especially  if  it  be  carried  out  volumetrically  is 
very  small  and  is  very  consistant  with  the  accuracy  which  would  be 
demanded  under  ordinary  circumstances. 

Tables  11  and  14  as  we  have  given  them  are  accurate  to  a 
fair  degree,  the  best  possible  under  the  circumstances,  since  many 
many  points  in  the  manipulation  were  not  brought  out  until  the  very 
last  part  of  the  work.  It  is  to  be  sincerely  hoped  that  before  giv- 
ing them  out  for  general  use  that  an  opportunity  may  be  had  to  go 
over  them  completely  and  make  such  corrections  as  needed,  however, 
small  they  may  be.  It  is  also  hoped  that  some  additional  information 
may  be  obtained  as  regards  the  theoretical  explanation  of  some  of 
the  points  which  we  have  been  unable  solve. 

Future  work  is  planed  in  this  direction,  not  only  in 
finishing  and  extending  the  present  tables  but  also  with  the  deter- 
mination of  water  in  other  substances  which  have  a  commercial  appli- 
cation. Among  these  are  methyl  alcohol,  ether,  glycerine  etc.   It  will 
be  necessary  to  employ  a  new  non-consolute  liquid  for  glycerine  as  it 
is  not  soluble  in  turpentine.  Aniline  has  proven  the  best  of  those 
tried  so  far  but  a  much  cheaper  substance  would  be  more  suitable. 

It  seems  only  right  at  this  time  that  we  extend  thanks  to 
manufacturers  who  have  so  kindly  sent  us  samples  of  their  products. 
We  mention  therefore  the  Sherwin-Williams  Paint  Co.  of  Chicago,  the 
Gulf  Lumber  Co.  ,  of  Stablesville  ,  J^ouisana  and  the  Electric 
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Turpentine  Co.  of  Vancouver,  B.  C.  Canada.  We  also  wish  to  thank 
Prof.  Washburn  of  this  University  for  the  help  he  has  given  and  also 
Dr.  Brainerd  Mears  for  the  many  instances  in  which  he  has  helped  to 
carry  out  this  work. 
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